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ABSTRACT
Background Data: Atlantoaxial fixation, unlike subaxial spine, is still challenging due to complex
topographical anatomy. Nowadays, atlas lateral mass screws and transpedicular axis screws fixation is
a well-accepted technique for the management of atlantoaxial instability due to their rigid fixation and
higher fusion rate. However, in complex cases like basilar invagination, further reduction and proper
bony alignment are needed.
Study Design: A retrospective descriptive clinical case series.
Objective: The aim of this study was to assess the safety and efficiency of bilateral posterior atlantoaxial
facet joint distraction and insertion of spacer in reducing complex cases of atlantoaxial instability.
Patients and Methods: Out of 17 patients with atlantoaxial instability, five patients underwent posterior
fixation and atlantoaxial facet joint distraction and insertion of spacer for reduction of irreducible
atlantoaxial dislocation. Clinical results were evaluated by using the criteria of Japanese Orthopaedic
Association Scoring System for Cervical Myelopathy (JOA score). The surgical technique, results, and
morbidity and mortality were assessed.
Results: There were 3 females and 2 males; the age ranged from 10–50 years. The cause of significant
instability was trauma (2 patients), while each of the 3 other patients suffered from Down syndrome,
rheumatoid arthritis, and posttuberculous infection. All 5 patients had pyramidal tract compression
manifestations. At the end of follow-up (mean 18 months), the average preoperative JOA score improved
from 13.2±1 to 15.9±0.2 (P=0.04) and the average recovery rate was 69±12 % SD. Postoperative CT
scans showed that the mean atlantodens interval improved from 6.2±1.6 to 1.8±0.8 (P=0.04) and the
mean clivus-canal angle increased from 119.8±3.7° to 135.2±7°(P=0.04). The average extra time and
blood loss of bilateral facet distraction and grafting were about 65 minutes (P=0.004) and 72.5 ml,
respectively. There was no mortality, vertebral artery injury, CSF leak, or construct failure.
Conclusions: Bilateral posterior atlantoaxial facet joint distraction and placement of spacer is a safe and
effective adjunct procedure for reduction of complex atlantoaxial instability. (2019ESJ184)
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INTRODUCTION
Atlantoaxial instability (AAI) is characterized by
excessive movement at the atlantoaxial articulation
(C1 anterior arch and the odontoid process of C2,
transverse ligament, as well as the facet joints
bilaterally) due to either bony or ligamentous
abnormality.19 The cause of this instability may be
traumatic, inflammatory, degenerative, congenital,
neoplastic, or idiopathic.2,5,9
Unlike subaxial spine, atlantoaxial
fixation is still challenging due to higher mobility
and close proximity to the vertebral artery.1,2,6,21
Consequently, the posterior sublaminar wires/
cables and interlaminar clamps were traditionally
used. 8,19 However, these techniques had lower
fusion rates and require intact C1 posterior arch
and C2 lamina and long postoperative rigid neck
immobilization. 19 Later, the C1-C2 posterior
transarticular screw provided a more rigid fixation
with higher fusion rate without postoperative
halo vest immobilization.18 Nevertheless, it has a
higher risk of vertebral artery injury and requires a
perfect reduction of the C1-C2 articulation before
insertion.1
In 1994, Goel pioneered atlantoaxial fixation
using C1 lateral mass screws and C2 pedicle screws
with a plate construct via posterior approach.9
Harms popularized this procedure by using
polyaxial screws and rod construct.12 In contrast
to transarticular screws, the lateral mass screws of
C1 provide segmental fixation independent of axis
and have less risk of vertebral artery injury.1,6,23
Moreover, Goel upgraded the posterior
approach by further facet joint distraction
and placement of allograft revolutionizing
the management of basilar invagination and
the previously called irreducible atlantoaxial
dislocation via a single-stage posterior approach.
The distraction of the C1-C2 facets provided an
opportunity to treat anterior cervicomedullary
compression by reducing the basilar invagination.10
The anterior approach for atlantoaxial
dislocation dates back to 1962 with initially
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unacceptable high complication rate.7 Recently,
the anterior retropharyngeal transarticular
screws/lateral mass and C2 body screws and
plate and endoscopic transnasal odontoidectomy
are preferred to the transoral approach to avoid
high infection rate.15,24 Although the perioperative
complications were minimized with the advent
of recent neurosurgical advances, the anterior
approaches for atlantoaxial dislocation are still
limited due to unfamiliarity of neurosurgeons and
difficulty to extend fixation to clivus if atlantoocciptal fixation is required.17
In this study, the surgical technique and the
results, including the complications, of five
patients with irreducible atlantoaxial dislocation
who underwent posterior fixation and bilateral
atlantoaxial facet joint distraction and grafting
were described.

PATIENTS AND METHODS
This was a retrospective study conducted in AlManial University Hospital, Kasr Al-Ainy Medical
School, Cairo University, and El-Demerdash
Hospital, Ain Shams University, during the
period from October 2012 to December 2018. Out
of 17 patients with atlantoaxial instability, five
patients with irreducible atlantoaxial dislocation
underwent posterior atlantoaxial screw fixation
via atlas lateral mass screws and transpedicular
screws of axis vertebra and bilateral atlantoaxial
facet joint distraction and grafting.
Detailed patients’ history was taken and they
were subjected to full general and neurological
examination. The Japanese Or thopaedic
Association Scoring System for Cer vical
Myelopathy (JOA score)14 was utilized for clinical
evaluation of the patient pre- and postoperatively.
Preoperative radiographic investigations included
plain X-ray cervical spine (anteroposterior, lateral
neutral, and open-mouth views) and Computed
Tomography (CT) scan with coronal and sagittal
reconstruction and Magnetic Resonance Imaging
(MRI) of cervical spine.
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Unless patients presented with acute trauma, they
underwent dynamic radiological investigations
(flexion and extension views plain X-rays, CT,
and/or MRI craniocervical junction) but not to
the extent of causing neck pain or brachialgia
or neurological deterioration and under medical
supervision. The dynamic views were important
not only to address the atlantoaxial instability
Recovery rate =

and elucidate the reducibility but also to exclude
associated occult atlanto-occipital instability
which necessitates extension of fixation to occiput.
Postoperatively, plain X-rays (including dynamic
views) and CT scans were routinely performed to
assess the screws and reduction.
The recovery rate was calculated according to the
following formula:13

Postoperative JOA score - Preoperative JOA score
Normal score (17) - Preoperative JOA score

Statistical Analysis:
Data were statistically described in terms of
mean ± standard deviation (± SD), median and
range, or frequencies (number of cases) and
percentages when appropriate. Comparison of
numerical variables between the study groups
was done using the Mann–Whitney U test for
independent samples. Within-group comparison
of numerical variables was done using Wilcoxon’s
signed-rank test for paired (matched) samples.
For comparing categorical data, Chi-square (χ2)
test was performed. Exact test was used instead
when the expected frequency is less than 5. Twosided P values less than 0.05 were considered
statistically significant. All statistical calculations
were done using computer program IBM SPSS
(Statistical Package for the Social Science; IBM
Corp, Armonk, NY, USA) release 22 for Microsoft
Windows.
Surgical Technique:
The patient was placed in the prone position with
a head holder in mild extension and under skull
traction (7 kg or maximum of one-fifth of the total
body weight in children),10 and the arms were
tucked on both sides. The head was elevated up
15° to ease venous return. A midline skin incision
was performed from below the external occipital
protuberance to the 3rd cervical vertebra. The
ligamentum nuchae was divided; occipitocervical
musculature was stripped subperiosteally from the
occipital bone and posterior arch of C1 and C2
lamina and retracted laterally exposing the lateral
margin of C2/C3 facets bilaterally.
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C2 neurectomy was done bilaterally to expose
the C2 pars-interarticularis, the atlantoaxial joint,
and the inferior articular facet of the lateral mass
of atlas. At this stage, there was profuse venous
bleeding from the venous plexus surrounding C2
roots which was controlled by bipolar coagulation
and by using haemostatic agents. The entry
point of C1 lateral mass screw was located at
the center of the lateral mass of atlas with 15°
medial and 15° cephalic angulations. The entry
point for transpedicular screw was located at the
lateral aspect of the C2 lateral mass, just caudal
to the transition of the lateral mass into the C2
pars, with angulation of (25°–40°) medially and
(15°–20°) rostrally (Figure 1A). Polyaxial screws
of 3.5 mm diameter were used at C1 and C2
(Vertex, Medtronic Sofamor Danek, Memphis,
Tennessee).
The rods were applied to the heads of the
polyaxial screws with the axis screws being fully
tightened. Bilateral distraction at the loose atlas
lateral mass screws would open the atlantoaxial
joints, resulting in progressive reduction. Cervical
intervertebral spreader may be inserted at the
C1-C2 facet if satisfactory distraction was not
achieved. The articular facets of the C1-C2 joints
were dissected bilaterally and the joint capsule was
widely removed by using a microdrill, and pieces
of bone grafts (autologous harvested from axis
spinous process (3 cases) or artificial bone cement
(polymethyl methacrylate) (2 cases)) were packed
into the joints to enhance fusion and to maintain
reduction. The bone cement was preferred if the
47
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configuration of the facet joint was difficult and
drilling was needed for bone graft insertion. The
injected bone cement insinuated itself filling the
facet space while saline irrigation was maintained
to avoid increase temperature.
The height of spacer ranged from 3 mm to 6 mm
according to the required height restoration. The
instrumentation was finalized after removal of the
distractors and removal of weight traction and the
incision was closed in layers over a wound drain
(Figure 1B).
Patients were discharged after 3–5 days and
instructed to wear semirigid neck collar for 8
weeks and were followed up at outpatient clinic
after 1 week when stitches were removed and
after 2, 6, and 12 months. All patients underwent
postoperative craniocervical junction CT imaging.

RESULTS
There was a slight female predominance (M/
F=2/3) and the average age of patients at time
of surgery was 31.6±15.1 (range, 10–50) years.
The average duration of symptoms was 19.6±11.1
(range, 7–36) months. The cause of significant
instability was trauma (2 patients), while each of
the 3 other patients suffered from Os odontoideum
(Down syndrome), rheumatoid arthritis, and
posttuberculous infection. All 5 patients had
pyramidal tract compression manifestations
(quadriparesis in 3 patients and spasticity and
precipitancy, one patient each). (Table 1)
The average operative time was 206±34.4 (range,
160–240) minutes, and average blood loss was
360±151.7 (200–600) ml. Compared to the
other 12 cases with atlantoaxial fixation alone
(without interfacetal distraction), the average
operative time was 141.3±21.3 (range, 115–
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180) minutes (P=0.004), and average blood loss
was 287.5±118.9 (range, 150–450) ml (P=0.24,
statistically insignificant). This means that the
average extra time and blood loss of bilateral facet
distraction and grafting were about 65 minutes
and 72.5 ml, respectively. The average duration of
follow-up after surgery was 18±17.1 (range, 6–48)
months. The average preoperative JOA score of
the patients showed improvement from 13.2±1
to 15.9±0.2 at the final follow-up (P=0.04). The
average recovery rate was 69±12 % (range, 50–
81.8%) (Table 1).
The position of 9 screws (90%) was
satisfactory as noted on postoperative CT scans
(Figure 3B), while one screw in one patient with
rotational atlantoaxial instability, who experienced
improvement of quadriparesis, was misdirected
upward excessively and penetrated through both
the lateral mass of atlas and the occipital condyle
without injuring the hypoglossal nerve, vertebral
artery, or any other structures, so revision surgery
was not considered. Postoperative CT scans
showed the mean atlantodens interval improved
from 6.2±1.6 mm to 1.8±0.8 mm (P=0.04) and
the mean clivus-canal angle increased from
119.8±3.7° to 135.2±7° (P=0.04).
Neither construct failure nor loosening of the
screws was observed. No implant failure or
sliding in flexion and extension was observed
on the dynamic plain X-rays within the followup period. Mild occipital hypoesthesia was
observed in one patient (20%) postoperatively
due to C2 neurectomy, which decreased gradually
in the follow-up period. None of the patients
had excessive discomfort such as headache or
neuralgia. No intraoperative mortality, vertebral
artery injury, spinal cord injury, or cerebrospinal
fluid leakage occurred during surgery.
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Table 1. The preoperative clinical data and parameters for assessment of clinical and radiological outcomes of
5 patients with atlantoaxial instability who underwent atlantoaxial fixation and bilateral atlantoaxial facet joint
distraction and insertion of spacer.
No. Age Sex

Diagnosis

JOAS
Duration/
ADI mm CCA
Notes/
Presentation
pre-post
month
pre-post pre-post complications
(recovery)

1

10

M

Os odontoideum/
Quadriparesis
Down syndrome

24

13/16
(75%)

6-2

115°131°

-

2

28

M

Type II odontoid
fracture

Neck pain,
precipitancy

7

14/16
(66.7%)

5-2

125°139°

-

3

29

F

Tuberculosis/
basilar
invagination

Quadriparesis

13

11.5-16
(81.8%)

6-1

121°142°

Penetration
of occipital
condyle

4

41

F

Type II odontoid Quadriparesis,
fracture
neck pain

36

13.5-16
(71.4%)

9-3

118°125°

Occipital
hypoesthesia

5

50

F

18

14.15.5
(50%)

5-1

120°139°

-

Rheumatoid/
arthritis basilar
invagination

Spasticity

ADI: atlantodental interval; CC Angle: clivus-canal angle; JOAS: Japanese Orthopaedic Association Score.

Figure 1. An intraoperative photograph demonstrating (A) the C1 lateral mass and C2 transpedicular screws entry
points; (B) the final position of implant after facet distraction and cement insertion. Note the increased distance
between the screws after distraction (patient no.1).
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Figure 2. Pre- and postoperative CT scan of (patient no. 1). (A) Preoperative axial view of atlas with atlantodental
interval = 6 mm; (B) preoperative sagittal view showing the encroachment of the craniocervical junction and clivuscanal angle; (C) postoperative coronal view revealing the bone cement at the facets bilaterally; (D) postoperative axial
view of atlas showing the bicortical screws purchase and reduced atlantodental interval = 2 mm; (E) postoperative
sagittal view noting the reduced dens and clivus-canal angle; (F) parasagittal view at the facet joint showing the
bone cement at the facets.
Figure 3. Pre- and postoperative CT scan of
(patient no. 3). (A) Preoperative sagittal view
noting the basilar invagination and compression of
the craniocervical junction and cervicomedullary
angle; (B) postoperative coronal view revealing
the bone graft at the facets bilaterally, showing
the penetration of left occipital condyle; (C)
postoperative sagittal view showing the complete
reduction of the dens and clivus-canal angle; (D)
parasagittal view at the facet joint showing the
bone graft at the facets.

DISCUSSION
Atlantoaxial dislocation was initially classified
by Greenberg into two groups: reducible (type I)
and irreducible according to dynamic X-rays.11
Wang has further categorized the irreducible
group into 3 subcategories according to skeletal
50

traction under anesthesia: atlantoaxial dislocation
reducible after skeletal traction under anesthesia
(type II), irreducible after skeletal traction under
general anesthesia (type III), and irreducible (type
IV) with evident anterior bony ankylosis (rare).25
This classification offered surgical management
protocols. Posterior fixation techniques are suitable
for the reducible 2 types (I and II), while, for type
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III, anterior release was recommended before
posterior fixation. For type IV, odontoidectomy
is required followed by either posterior or anterior
atlantoaxial fixation.25
Goel disputed the classification of irreducible
atlantoaxial dislocation and challenged the
necessity for the anterior release approach. He
reported successful reduction and fixation of
22 patients with “fixed/irreducible atlantoaxial
dislocation (type III)” who underwent posterior
fixation and facet joint distraction and placement
of allograft.10 This technique of C1-C2 facet joint
manipulation and distraction may be considered
a posterior release equivalent to the previously
advocated anterior transoral release.
Bilateral C1-C2 facet distraction and
interpositioning of bone graft or spacer into the
joint space facilitates intraoperative reduction
of irreducible dislocation and proper bony
alignment.4 The possible mechanism is that the
increased distance between C1-C2 facets after
distraction automatically leads to a descent of the
odontoid process out of the foramen magnum
and a restoration of a better sagittal alignment,
thus indirectly resolving the compression on the
cervicomedullarly junction in the majority of
cases.16
Additionally, removal of the C1-C2 facet cartilage
and decortication and interfacet impaction of bone
graft or spacer enhances fusion due to widened
contact area of graft under load and compressive
forces of head weight and surrounding ligaments.22
Moreover, distraction of the C1-C2 interspace
improves the stability of the atlantoaxial complex
by increasing tension of ligamentous structures.4
The provided augmented stability precludes the
need to extend the fusion to the occiput in many
cases saving the atlantooccipital joint.
The proper size of graft should be determined
preoperatively according to the required height
restoration and confirmed intraoperatively to avoid
C1-C2 facet over distraction and, consequently,
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spinal cord stretch and damage. The reported
height of graft ranged from 3 mm to 8 mm.10,16,22
Although no neurological complications were
reported in Goel’s 22 patients who underwent
bilateral facet distraction and g rafting,
intraoperative neurophysiological monitoring was
recommended.16
From biomechanical point of view, the insertion of
spacers at C1-C2 facet combined with placement
of a screw/rod construct resulted in further
construct rigidity beyond the screw/rod technique.
The spacers added significant stability compared
to the screws and rods alone in both axial rotation
and lateral bending which may be of paramount
importance in patients with osteoporosis.20
Various types of spacers were used at C1-C2 fact
joints: autologous iliac bone graft or custom-made
titanium spacers,10 polyetheretherketone cages,4
fibular graft,2 demineralized bone matrix,23 or bone
cement.3,10 At the current study, corticocancellous
autograft from the axis spinous process or bone
cement was used.
In summary, upgrading the technique of posterior
atlas lateral mass and axis screws/plating construct
by further facet joint distraction and placement
of graft has revolutionized the management of
basilar invagination and the previously called
irreducible atlantoaxial dislocation and should be
considered when appropriate.
The main limitation of this study is the limited
number of cases of fixed/irreducible atlantoaxial
dislocation who underwent facet joint distraction
and placement of graft. A further prospective
study with more patients is recommended.

CONCLUSION
Bilateral posterior atlantoaxial facet joint
distraction and placement of spacer is a safe
and effective adjunct procedure during posterior
atlantoaxial screw fixation for reduction of
complex atlantoaxial instability.
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الملخص العربي
دور تباعد المفصلين الجانبيين خلفيا مع وضع طعم عظمي في حاالت التقلقل الفهقي المحوري المعقدة

البيانـات الخلفيـة :مـازال تثبيـت فقرتـي الفهقـة والمحـور (الفقرتيـن االولـي والثانيـة العنقيـة) يشـكل تحديـا ,بخلاف
الفقـرات العنقيـة األخـرى ,وذلـك لتعقـد الوضـع التشـريحي .حاليـا يتـم تثبيت الفهقـة والمحور خلفيا بواسـطة براغيي
مـع قضيبيـن لقـوة التثبيـت وزيـادة معـدل االلتحـام .لكن يتم االحتياج لمزيد من رد التقلقل للوصول للوضع العظمي
الطبيعي في بعض الحاالت المعقدة.
الغرض :تقييم كفاءة وأمان تباعد المفصلين الجانبيين خلفيا مع وضع طعم عظمي في رد حاالت التقلقل الفهقي
المحوري المعقدة

تصميم الدراسة :هذا البحث هي دراسة استعادية سريرية.

المرضـى والطـرق :تضمنـت هـذه الدراسـة  5حـاالت متعسـرة الـرد مـن بيـن  17مريـض يعانـون مـن تقلقـل فقرتـي
الفهقـة والمحـور .وقـد تـم تقييـم النتائـج السـريرية طبقـا لمعاييـر الجمعيـة اليابانيـة للعظـام العتلال الحبـل الشـوكي
العنقي.

النتائـج :تـراوح عمـر المرضـي بيـن  10الـي  50عامـا ,وهـم ذكران و  3اناث  .سـببت الحـوادث حالتين فقط من التقلقل
الفهقي المحوري والحاالت األخرى عانت من البله المنغولي ,الروماتويد والدرن ,واشتكي جميع المرضي بدرجات
متفاوتـة مـن أعـراض الضغـط علـي القنـاة الهرميـة .وقـد تـم تركيـب  10براغـي بنجـاح ولكـن احدهـم وصـل الـي اللقـاح
القذالـي بـدون مضاعفـات ,وقـد تحسـن التقييـم السـريري للمرضـي مـن  13.2نقطـة الـي  15.9نقطـة حسـب معاييـر
الجمعيـة اليابانيـة للعظـام ,وكان متوسـط معامـل التحسـن  , 69%وتحسـنت ايضـا المعاييـر االشـعاعية بعـد الجراحة.
وبفضـل اللـه ال توجـد وفيـات ,مضاعفـات عصبيـة أو اصابـه للشـريان الفقـاري ولكـن حدثـت مضاعفـات بسـيطة مثـل
التنمل القذالي وتم عالجه تحفظيا.

االسـتنتاج :ان تثبيت الفهقة والمحور خلفيا وتباعد المفصلين الجانبيين مع وضع طعم عظمي طبيعي أو صناعي
الر ِد.
وسيله امنه وفعاله وقليلة المضاعفات لمرضي التقلقل الفهقي المحوري ُمتَ َع ِّس ُر َّ
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